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Improved apparatus for segregating particulate matter. 



An improved apparatus is provided for the separation of 
particles from a fluid medium in accordance with particle size 
wherein a reservoir (26) which holds a measured amount of the 
particle-containing fluid (22) is disposed anterior to a length of 
tubing (24) which terminates over a substrate (20). Particles in 
the fluid are not subjected to any external forces which may 
modify or alter the particles during the analysis process. 
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IHPROV&D APPARATUS FOR SEGREGATING PARTICULATE J1ATTER 



Ttlis Inveatlbn relates to an apparatus for the detection of 

4 • 

hyperflne particles in a fluid and the optical determination of the type 
and size distribution of such particles. Such an apparatus is useful in 
the analysis of wear, of moving parts, such as engine bearings and to the 
testing of the performance of various lubricating materials. 

The use of magnetic techniques for separating ferromagnetic 

■ 

materials from background substances 1s-well known. Recent refinements 
of such techniques have made It possible to precipitate hyperflne ferro- 

* * • 

magnetic wear particles from a lubricant taken from a machine, such as a 
diesel engine, to determine the wear condition of the machine by optical 
analysis of such particles. A detailed description of an apparatus and 
procedure for perfprmlng such precipitation and analysis is set forth in 
United States patent no. 4,047,814, entitled "Method and Apparatus for 
Segregating Particulate Matter", to Westcott. 

In accordance with that prior disclosure, a particle-containing 

* 

lubricant sample. taken from a piece of equipment is caused .to flow along 
a shallow chanrieh In a nearly horizontal glass substrate positioned over 
a magnet, the air gap of which Is aligned with the longitudinal axis of 
the substrate* The magnet develops a magnetic field having a very high 
gradient perpendicular to the substrate surface along the lubricant flow 
path on the substrate. Ferromagnetic wear particles are drawn by mag- 
netic force down througfr-the lubricant liquid so as to precipitate onto 
the substrate surface. 
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In carrylng-oQt this procedure with ferromagnetic -wear 
particles, the larger particles are precipitated first and the smaller 
paftlcles are precipitated "farther alc mg the flow path. Analysis of the-- 
rela-Twe" proportions of Targe and small size wear particles provides sig- 
nificant information about the state of wear of the machine from which 
the lubricant sample was taken. Similar techniques can be used to pre- 
cipitate non-iragnetie particles which wear against a ferris metal such as 
Steel, since the ferris metal smears on or become embedded in the 
non-magnetic material which thus becomes effectively magnetic. 

In addition, Westcott. et al., in United States patent no. 
4,187,170 entitled ^Magnetic Techniques for Separating Non-H^gnetic 
Materials" discloses .a process for magnetically separating non-magnetic 
materials from a mixture by combining the mixture with a magnetizing 
solution containing the salt of a magnetic element. The magnetic atoms 
attach to availabW'Sltes on the molecules of. the non-magnetic material 
so as to develop 1ri that material a positive susceptibility to mag*, 
netlsm. In this way, non-magnetic materials may be utilized In the appa- 
ratus taught above in United States patent no. 4,047,814, and so, 
examined in a similar manner. • 

The apparatus taught by Westcott above, is a manually operated 
apparatus, requiring "operator attention during the full course of the 
analysis. In addition, the lubricant may have to travel a'rather long 
and tortuous path .including passage through a pump, which may possibly 
alter the metal particles in the lubricant and so yield an inaccurate or 
misleading particle size analysis. 

What Is "needed in the area of an apparatus for segregating 
particulate fflattei^-Js an apparatus that does not have to be attended at 
all times and which- does. not subject the fluid to be analyzed to any con- 
ditions which may. alter the particles suspended in the fluid. 
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Accordingly," .it. is one object of the present invention to 



» - - » 

provide an Improved apparatus for the segregation of particulate matter. 

It 1s another object of the present Invention to provide an 
Improved apparatus for atialyrlng a fluid to determine the concentration 
of hyperfine magnetic particles th erein which apparatus is semiautomatic. 

■ * 

It is yet another object of this invention to provide an 
apparatus for the segregation of particulate matter, which apparatus does 
not alter the particles to be segregated during such segregation process. 

These and .Qther objects of the present invention will become 
apparent to one skilled in the art from the' description , of the Invention 
below and from the Appended claims. 



The present Invention relates to an apparatus for the separation 
of particles from. a fluid medium In accordance with particle size and for 
use with a magnet providing an inhomogeneous field* which apparatus com- 
prises a substrate positioned In the magnetic field and supporting fluid 

flow of the particle-containing fluid over a surface thereof and 

* • • - 

receiving particles from the fluid thereon, and tubing for transporting 

said fluid to said substrate, characterised by: 

a reservoir disposed anterior to said tubing, which reservoir^ 
contains a predetermined amount of the particle-containing fluid 
and means* for positively transfering the particle-containing 
fluid Into said tubing and there onto said substrate. 



It has been found that prior methods for analysis of particles 
in lubricants carrted out In such a manner as to permit a visual inspec- 
tion of the particles are an excellent source for determination of 
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machinery wear. Todate. such methods and apparatus have been labor 
intensive, requiring the presence of an operator for the duration of the 
analysis. In addition^ the operator Is generally restricted to the^per- 
formance of one analysis at a time. In accordance with the present 
Invention, a reservoir system Is provided at the anterior end of tubing 
that terminates on the substrate over which the fluid passes and deposits 
Its particulate matter. The reservoir holds a predetermined amount of 
fluid. Once the apparatus In accordance with this Invention has been 
started, it 1s then possible to leave the apparatus for the duration of 
the run. Additionally, several reservoirs may be prepared simultaneously 
with fluid, and thereafter be* quickly disposed in the apparatus and 

operated therefrom. 

By providing reservoirs anterior to the short length of tubing 
that terminates at- the. .receiving end of the substrate, the particles In 
the particle-containing fluid are maintained In the same condition In 
which they existed when the sample was first taken. Extensive travel 
paths and passage through equipment such as pumps, that may alter the 
shape and/or size of the particles, are avoided, thereby evading possible 

misleading analyses^: 

The Improved apparatus of this invention Is used In the known 
process for analyzing hyperfine particulate substances in a fluid by col- 
lecting the particles and classifying them in particulate form. The 
particles are generally examined visually with the aid of a microscope. 
Such characteristics' as particle size and size distribution, particle 
shape and, to some extent, even .the chemical make-up of Individual par- 
ticles provides InlFormatlon that Is Important In analyzing the wear of 

* • • 

moving parts, as In' heavy industrial machinery. The particle-containing 

. ■* * 

fluid is flowed over a collecting substrate In the presence of a magnetic 
or electric field having an Intense gradient. The field causes mag- 
netically susceptible or electrically polarizable particles, as the case 
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may be, to settle on "the substrate at a rate which is proportional to 
their concentration In the fluid; as Vw*ell as proportional to the flow 

rate of the fluid over the substrate. In this manner, the concentration 

* - • 

of particles can be determined. The particles are also deposited on the 
substrate In accordance with their size, the larger particles being 
deposited first, and smaller particles being deposited later. 

When a viscous fluid such as engine oil Is being examined, the 
collection of the particles onto the substrate under the Influence of the 

* • * . . . . • 

magnetic or electric field may be promoted by adding a solvent to the 

oil. The solvent loosens the bonds between the particulate matter and 
the oil, or additives in the oil, and thus promotes faster particTe^pre- 

cipitatlon* After the appropriate amount of fluid has been flowed over 

the substrate, the latter is then preferably washed with a wash solvent 

that removes the remaining liquid from the surface of the substrate and 

leaves the particles attached to the surface. 

After the .liquid and solvent have been evaporated from the 

slide, an examination of the particles is conducted with a microscope 

having a high numerical aperture, such as 0.65 or greater. It has been 

■ 

found that color i nomination enables one to observe characteristics of 

m 

the precipitate which are not otherwise readily observable. For example, 

* 

one can distinguish inetals from their oxides or sulfides even when the 
particles being examined are less then a micron in size by utilizing red 
and green filters. - * 

By the use of this technique, one can test or check the per- 

* 

formance of various, lubricants as well as monitor equipment for the pur- 
pose of scheduling servicing, rather than servicing equipment that does 
.not require such servicing or equipment that has already failed. 

The Improved apparatus disclosed herein may utilize separate 
reservoirs and tubing for dispensing the fluid to be analyzed and the 
wash solvent. In addition, this apparatus may be provided 1n such a 
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manner as to become, automatic, that 1s after Inserting a reservoir 
holding the parti clercontalnlng fluid and a second reservoir holding the 
wash solvent Into the apparatus, the operator may begin the apparatus* 
operation which then automatically dispenses the particle-containing 
fluid from the first reservoir onto. the substrate and then dispenses the 

r . * 

wash solvent from the second reservoir onto the substrate. This may be 
accomplished by pressurizing the reservoirs to provide a positive 
dispensation of fluid into the adjacent tubing and there onto the 
substrate. Such pressure may be provided as,. for example, from gas 
pressure or by mechanical pressure such as a piston inserted into a 
reservoir to provide "a positive displacement of fluid -Into the tubing. 

In 'one*^ embodiment di^ this apparatus, a. positive displacement 
pump, which may be. variably adjusted for speed, is utilized to Insert a 
first piston into & first reservoir and dispense a particle-containing 
fluid therefrom onto a substrate, and then to Insert a second piston into 
a second reservoir which disposes a wash solvent over the same 
substrate. " - 

* 

* * • 

_ m 

The foregoing and other objects and features of the invention 
will be more readily understood with reference to the following 
description in conjunction with the accompanying drawings rin which: 

Figure 1 Is .a .pictorial view of one embodiment of an' apparatus 

♦ 

in accordance with" this Invention^ and* 

Figure 215 a pictorial view of a second embodiment of an 
apparatus in accordance with the present invention. 

In Figure 1, a pair or magnets, 10 and 12 are positioned on a 
magnetic return 14 and have pole pieces, 16 and 18, respectively, 
associated with them. The pole pieces have leading edges, 16a and 18a, 



-in96205 



respectively, which are separated by a narrow air gap so as to produce an 
Intense field having a very high gradient In the air gap between them. 
This gradient. Is in a. plane transverse to the pole piece edges and has a 
downwardly directed component which magnetically collects particles onto 
a substrate 20 positioned above the magnets. 

A fluid 22, shown disposed In reservoir 26, containing particles 
to be segregated Is flowed over the, substrate 20 at a fixed rate. The 

# * 

fluid is supplied to a receiving end 20a of the substrate by a length of 
tubing 24 and drained from a discharge end 20b of the substrate by 
another length of tubing or by flowing into a collection receptacle, not 

Shown in the figure. ^ 

Tubing 24 is attached, at its anterior end 24a to a reservoir 26 

* • • 

in accordance with, the present invention. The reservoir 26 Is, 

» 

preferably, removable from the remainder of the apparatus, and so may be 

— ' ■ ■ • 

• * • ■ • — 

filled with a predetermined amount of fluid at a site removed from the 
apparatus. Severe:! reservoirs may be filled with fluid and set aside for 
subsequent particle segregation. This Is especially useful in instances 

« 

where reservoirs may. be taken Into a plant to obtiaiin fluid samples froni 
operating machinery and then returned to the site o.f the apparatus for 

• - * - - , - 

processing. As w111.be further discussed below,' reservoirs may also be 

» - " ... 
filled with a desired amount of wash solvent to be dispensed through 

tubing to wash the particles fixed on the substrate. 

■ 

The reservoir 26 is positioned in such a manner that pressure 
may be positively :appl1ed to the fluid therein, directing the 
particle-containing fluid 22 through the tube 24 and onto the substrate 
20. As depicted 1n Figure 1, this pressure may come from a gas provided 

* 

by a pressurizing source, -not shown, and directed through outlet 28 into 
the reservoir 26 that Is sealed, as by means of closure 30. The pressure 
applied to the reservoir may be held constant or may be varied, as 1s 
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necessary to outain reliable results for various samples to be analysed. 

This apparatus reduces the amount of movement and stress placed 
on the particle-containing fluid to be evaluated. The 
particle-containing- fluid 22 may be collected from its working 
environment directly Into a reservoir 26, which Is then returned to the 
apparatus. Inserted therein and passed through a short length of tubing 

■ 

24 onto the examining substrate 20. The fluid and particles therein are 
not likely to be altered by this apparatus, which alteration may other- 
wise yield false -and/or misleading wear Indications, 

mm * 
m 

The substrate 1s typically formed from a thin translucent base 

* 

such as glass, ort-'the order of about o/e^imtdn thick. Strips of 

*- - , 

non-wettable material such as Teflon maybe secured to the edges of the 
base to form a flow-defining channel on the surface of the base. 

The substrate 20 Is centered over the air gap between the pole 
pieces 16 and 18 and. Is Inclined at a slight angle, on the order of about 
1*. to the plane of -the edges T6a and 18a of the pole pieces by means of 
a wedge 28j, for ex ample, which elevates thp fiuld^recelvlno end 20a of, 
the substrate above the discharge end 20b. This causes the magnetic 
field to Increase along the substrate in the longitudinal direction, 
since the receiving end 20a 1s positioned farther from the pole pieces 
than the discharge end 20b. Thus, as the fluid 22 .travels down the sub- 
strate. the magnetically susceptible particles In It are subjected to an 
increasingly Intense magnetic field gradient. This assists In segre- 
gating the particles in the fluid according to size. 

Fluid traveling down th&-substrate Is subjected to an 
increasingly intense magnetic field. The larger particles have a larger 

* 

ratio of Yolume-to-surface area than the smaller particles; consequently, 
viscous drag, which Is proportional to surface area, Is of lesser 
magnitude per unit volume for the large particles than for the smaller 
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* 

particles. .At the-Vame- time, magnetization of the particles Is roughly 

* 

proportional to particle size, and so the larger particles precipitate 
out first, even though they are subjected to a- lesser field' and gradi- 
ent. In consequencet the particles are distributed along the length of 
the substrate in accordance with their size, the larger particles pre- 
cipltating out primarily at the receiving end 20a of the substrate, the 
smaller particles precipitating out primarily at the discharge end 20b. 
Intermediate sized particles. are deposited in-between. Thus, the present 
invention provides -a. ready mean's for determining not only the rate of 
deposit of the particles, but also their size distribution In the fluid. 

In flowing over the substrate, the fluid being analyzed Is 

« 

characterized by a velocity which ranges from zero at the substrate sur- 
face to a maximum at the uppermost surface of the fluid. As particles 
are drawn down toward the substrate, they penetriate flow layers of suc- 
cessively decreasing velocity and thus their longitudinal velocity along 
the substrate decreases* At the same time, they continue to be 
accelerated in the vertical direction by the magnetic forces. 
Accordingly, their trajectories become more vertical until ultimately the 
particles impact the substrate surface at a nearly vertical angle. The 

* 

larger particles' are drawn to the substrate first' because of their larger 
volume-to-area ratio and thus are deposited at the receiving end of. the 

• • • 

substrate. The smaller particles, characterized as they are by a smaller 
volume-to-area ratio, are deposited further down the substrate. 

9 

The time required to prepare a substrate suitable for 
examination varies with such factors as the viscosity of the fluid to be 
analyzed, the particle concentration In the fluid, the intensity of the 
magnetic field and it's gradient, and the sensitivity of the viewing 
apparatus, among other factors. Further, In a fluid such as engine oil, 
various additives are often mixed with the oil to cause the oH to adhere 
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to metal better. These additives generally adhere to the metal particles 
and cause the oil In the Immediate vicinity around the particles to gel. 

■ 

thereby maintaining the particles In solution longer than would otherwise 
occur* To decrease the time required to obtain an appropriate sample, 
therefore r It Is sometimes advantageous to add a solvent to the 
particle-containing fluid which frees the particles from the oil 
globules, thereby reducing particle drag and viscosity, and accelerating 
precipitation of particles onto the sub- strate* In the case of engine 
oil. perchloroethyVene is a preferred solvent. 

All traces:of oil. from the slide are removed by flushing the 
substrate with wash, solvent. This occurs, after the particles have been 
precipitated from the fluid onto the substrate. The substrate Is then 
allowed, to dry thoroughly, after which it will generally be found that 
the particles rigidly adhere to the substrate. 

* 

The wash solvent is separately flowed over the particles 
disposed on the substrate by dispensing the wash solvent separately in a 
second reservoir, '"not shown in Figure 1, and replacing the 
particle-containing' fluid reservoir with the wash solvent reservoir. The 
wash solvent is then dispensed through tube 24 and onto the substrate 20 
In the same manner'-ln which the pacticle-containing fluid was first 
dispensed through* the tube and onto the substrate. 

The reservoirs utilized for containing the particle-containing 
fluid and wash solvent may be dispen sable, as may also be the tubing t hat 
transports the fluid and solvent from the reservoirs to the substrate. 
In this manner contamination from sample-to-sample is avoided. 

The apparatus depicted In Figure 1 requires the attention of an 
operator to replace the particle-containing fluid reservoir with a wash 
solvent reservoir* midway through the procedure. 
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Another embodiment of an apparatus in accordance with this 
Invention is depicted in Figure 2. The apparatus shown in Figure 2 
utilizes a magnet pair and substrate similar to that shown ajnd described 
in Figure 1. A pair of magnets, 40 and 42 are positioned on a magnetic 
return 44 and have pole pieces, 46 and 48, respectively, associated with 
them. The pole pieces have leading edges, 46a and 48a, respectively, 
which are separated by a narrow air gap so as to produce an Intense field 

having a -very high gradient In the air gap between them. This gradient • 

■ * . * 

Is In a plane transverse to the pole piece edges and has a downwardly 
directed component which magnetically collects particles onto a substrate 

• * 

50 positioned abov^ the magnets. The apparatus In Figure 2 Is shown 
having dual reservoirs, 56 and 57, and feed tubes, 54 and 55, 
respectively, to provide separate reservoir and dispensing means for 
passing a partlcle-contafning fluid across a substrate, and separate 

* 

reservoir and dispehsing means for passing a wash solvent across the 
substrate. A first reservoir 56 Is shown having a tube 54 extending from 
the bottom of the reservoir 56 to the receiving end 50a of the 
substrate. Particle-containing fluid In reservoir 56 flows through tube 
. 54 and onto the substrate 50 by positive displacement exerted from piston 
60, which In turn Isdrlven by a motor or pump, such as a positive 
displacement pump, not shown In the Figure. 

The piston 60 may comprise a first section 61 extending Into the 
reservoir and being detachable from a second section, permanently mounted 
piston 62. The detachable section of the piston. 61 may be disposable, 
and so replacable for each particle-containing fluid sample to be run In 
the apparatus. This prevents contamination from one sample to the next. 
Likewise, the reservoir 56 may also be disposable along with tubing 54 to 
prevent sample-to-sample contamination. In one embodiment of this 

■ • 

apparatus, the detachable portion of the piston 61 and the reservoir 56 
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comprise a disposable syringe that may be filled with particle-coatainlng 
fluid. Inserted into* the apparatus, depleted of fluid by the action of 
permanently mounted p^iston section 62 and discarded after use. 

Once piston 60 has extended fully downward into reservoir 56 and 
provided a positive displacement of the fluid in the reservoir into tube 
54 and onto the substrate SO* a second piston 64* which may also have a 
permanent segment' 65 and a detachable segment 6& is inserted into the 
second reservoir 57 having a wa^h solvent therein, .the wash solvent is 
then positively displaced through tubing 55 and onto the substrate 50. 
The fluid is collected at the bottom of the substrate through a 
col lection tube» not shown, which empties into a col lection* receptacle or 
collected directly into a collection receptacle, also not shown in the 

• * 

Figure. 

By using -this dual dispensation method, the operator may insert 
reservoirs 56 and 57, containing a particle-contaiaing fluid and a wash 
solvent, respectively, and, having started the apparatus, the apparatus 

ft 

will continue its full operation without additional operator interaction 
or supervision. 

m - 

From the foregoing it will be seen that a useful and reliable 
apparatus for measuring the relative concentration of particles of dif- 
ferent sizes has been provided. This apparatus may be useful for either 
magnetically susceptible particles or for electrically polarizable par- 
ticles, and is especially useful for measuring the relative concen- 
trations of particles in a fluid a such as engine oil. 

While the .invention has been described with particular reference 
to the measurement of particles in engine oil, it will be understood that 
it is not so limited and that it may be used to monitor and measure the 
concentration rate of change oF concentration, concentration ratios, etc. 



13 

■ 

of any magnetically susceptible or electrically polari 
fluid medium* ' . 
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CLAIMS? 



1. An apparatus Tor the separation oT particles from 

a riuid medium {22.} in accordance with particle size and 
for use with a magnet (10,12) providing an inhomogeneous 
field, which apparatus comprises a substrate (20) 
positioned in the magnetic field and supporting fluid 
flow of the particle-containing fluid over a surface 
thereof and receiving particles from the fluid thereon, 
and tubing (24) for transporting said fluid to said 
substrate, characterized byi a sealed reservoir (26) 
disposed anterior to said tubing (24), which reservoir 
contains a predetermined amount of said particle- 
containing fluid, and means, optionally piston means, 
for positively transfering said particle-containing fluid 
into said tubing and thereonto said substrate. 



2- The apparatus in accordance with Claim 1 wherein 

said piston (60) has a detachable segment (61) and a 
permanently mounted segment (62).* 



3. The apparatus in accordance with Claim .1 wherein 
said reservoir (56) and said detachable piston segment 
(61) compri&e a syringe. 

4. The apparatus in accordance with Claimi wherein 
said apparatus further comprises a second sealed reservoir 
(57) disposed anterior to tubing (55), which reservoir 
contains a predetermined amount of wash solvent and 
second pis ton .:means * < 64 ) for positively transferring said 
wash solvent into said tubing (55) and thereonto said 
substrate (50)* 
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piston has a detachable segment (66) and a permanently 
mounted segment (65), 

6, The apparatus in accordance with Claim 5 wherein 
said second reservoir (57) and said detachable piston 
segment (66) comprise a syringe, 

7. The apparatus in accordance with Claim A 
wherein a positive-displacement pump automatically 
inserts a piston (60) into said reservoir (56) 
containing said particle-containing fluid and afterr.which 
inserts a second piston (6A) into said second 
reservoir (57) which contains said predetermined amount 
of wash solvent. 



